When the (beam driven) toroidal plasma rotation (Ve 1 ) reaches thermal velocity (vik,) levels such that
I. Introduction
The connection between neutral beam induced plasma rotation and impurity transport has been the subject of numerous investigations [1,2,3], mainly focusing on the radial (across the flux surface) transport of impurities in experiments with neutral beam heating. In most of these works, the steady state beam-plasma equilibrium was analyzed describing the potential variations of all quantities A, in the simplest form A(r,0) = X + Ac cos 0 + A" sin0 where A ''/~j was ordered -e = r/Ro. However, using soft X-ray imaging techniques Smeulders [4] obtained results from the ASDEX tokamak of the form 2 n, (r, 6) = + ' cos 6 + n' sin M8) t=1 with 0(1), not 0(e) -Fourier amplitudes. This necessitates a theoretical approach different from that used by previous authors. This is the subject of the present paper which will be restricted to the Pfirsch-Schliiter regime of collisionality for all species, and will assume the impurity strength parameters a = nZ 2 /ni to be of 0(1). The transient time evolution of the particle densities, flow-velocities and ambipolar potential is treated. The nonlinear couplings introduced by the inertia and other terms in the momentum balance equations are fully retained and contribute essentially to the final steady state poloidal impurity distribution. A complete description results of the fast time evolutions of the poloidal rotation and the ambipolar electric field (first described in a simplified model in Ref.
[5]).
On the slow time scale of the toroidal evolution, the neutral beam momentum source Mj is explicitly kept, balanced by the Braginskii viscous force modelled by a phenomenological momentum drag term -mjnjvd, Vj where vd,j is taken from experimental observations.
(A first principle explanation of this drag as a gyroviscous force was given previously in Ref.
[6]. Its fully selfconsistent theory is still under investigation [7] .) The slow (diffusion) time scale evolution of toroidal rotation (driven by the radial flow) is not treated in this report.
In Section II, the underlying fluid equations are formulated. Section III contains a summary. Appendices A and B contain details on the parallel viscous force and inertia, Appendix C gives a simplified physical model for the time evolution of the radial ambipolar field, E,, and Appendix D justifies the neglect of the radial flow veloctiy on the fast time scale of interest here.
II. Fluid Equations
We adopt the usual (#,9,<p) flux coordinate system of an axisymmetric tokamak. The particle conservation equation for the ion species j = i, z is
For the purpose of this paper, namely to calculate the evolution in the flux surfaces where the slower radial diffusion flow -is frozen in, the component V -VO is ordered out (cf. 
For the parallel friction we simply use with the rotation frequency
which can be assumed given at t = 0.
Here, I = RBW = I(M), b B/B, Vp = e ,/R, and the magnetic field is B = VW x VO + IVW.
The total lowest order flow velocity V can then be written as 
To obtain the evolution of w, we take the V-ix projection of Eq. (2), i.e. the radial component of the perpendicular momentum balance, and sum over species which yields the radial current
Here, the lowest order 11j of Eq. (10a) can be used for V. Before summing over species, in tokamak flux coordinates, this equation is
On summing over species the b-V0 term and the friction term R( will annihilate. Equa- where we dropped the species index for brevity and E = Here R 2 B 2 = 12 + IVfI 2 was used (and for a low 3-equilibrium IVik is a flux surface quantity.) We note that using 
For the flux averaged equation determining E, ~ w (see Eq. (9) ) the expression
It is worth mentioning that if '9 5 0 in Eq. (1a), G,, does not vanish, even for axisymmetric systems. This is readily seen if one uses the relation a av
The last term was obtained from the general flux averaged divergence formula From the toroidal component of (2), and summing over species and using Ampere's law (3b), Hirshman obtained rigorously 
The last step was taken from Ref. 
